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ABSTRACT 


The  total  dosage  of  gamma  rays  in  the  radiation  fields  of  sereral 
atomic  weapon  explosions  was  measured  as  a  function  of  distance  from 
the  detonations  by  using  a  number  of  photographic  films  of  graduated 
sensitivity  ranges  placed  in  national  Bureau  of  Standards  film  holders, 
The  methods  used  In  this  projeet  gave  good  results  with  a  relatively 
high  degree  of  accuracy  and  a  small  expenditure  of  manpower  and  money. 
Zt  is  recommended  that  in  future  operations  of  this  type,  this  method 
he  used  with  a  close  dsgree  of  coverage  of  the  radiation  field. 
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CHAPTER  1 

INSTRUMENTATION  APE  QPBRATION 


1.1  aannAL 

Badlation  expoauro  in  roentgens  from  a  series  of  atomic  detonations 
was  measured  as  a  function  of  distance  'by  means  of  films  of  different 
sensitivity  ranges  placed  in  National  Bureau  of  Standards  film  holders 
at  varying  distances  along  a  radial  line  from  the  point  of  detonation. 

1.2  THU  NATIONAL  BURSAU  Of  STANDARDS  FILM  HOLDERS 


The  National  Bureau  of  Standards  film  holder  consists  of  a 
bakelite  container  with  an  8.25  mm  wall  thickness  covered  with  lay¬ 
ers  of  1.07  mm  of  tin  and  0.3  mo  of  lead.  Two  dental  size  film 
packets  can  be  placed  in  the  holder.  A  lead  strip  approximately 
0.78  mm  thick  was  wrapped  around  the  outer  edge  of  the  badge  to  cover 
the  seam  and  protect  the  film  from  tangential  radiation.  The  holder 
was  placed  in  a  thin  plastic  case  to  protect  the  film  packet  from 
dust  and  precipitation  when  in  the  field.  In  areas  where  the  thermal 
radiation  was  expected  to  be  sufficient  to  damage  the  holder,  an 
aluminum  cover  0.6l  mm  thick  was  placed  over  the  holder.  As  a  check, 

53  comparisons  were  made  on  the  loaded  holder  with  and  without  the 
aluminum  shielding  to  determine  the  effect,  if  any,  on  the  transmitted 
radiation  by  the  cover.  The  aluminum  cover  did  not  appreciably 
effect  the  film  densities  over  the  range  of  energies  passed  by  the 
holder. 

1.3  TH30RNTICAL  DISCUSSION  OF  THB  N.B.S.  nut  HOLME 

There  is  no  simple  and  direct  relationship  between  film  blaokening 
and  radiation  exposure,  but  in  general,  the  photographic  effect  is  a 
function  of  the  incident  photon  energy,  the  reeponsae/of  the  film  being 
dependent  on  the  absorption  coefficient  of  the  emulsion.  The  emulsion 
blackening  per  unit  exposure,  oauBed  by  secondary  electrons,  decreases 
with  the  increasing  energy  of  the  photons  in  the  photoelectric  and 
Oompton  regions  because  the  absorption  coefficient  decreases  with  in¬ 
creasing  gamma  radiation  energy.  At  higher  energies,  where  pair  pro¬ 
duction  becomes  significant,  the  inverse  is  true;  the  absorption  co¬ 
efficient  increases  with  increasing  energy. 

1/  Response  is  the  ratio  of  the  emulsion  density  at  th*  energy  in 
question  to  the  density  at  a  reference  energy  for  the  same  exposure. 
Reference  energy  le  usually  taken  in  the  flat  section  of  the  response 
curve,  i.e. ,  Oompton  region. 
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Two  absorption  coefficients  must  be  considered  when  using  film  in  a 
holder,  the  absorption  coefficient  of  the  holder  and  the  absorption  co¬ 
efficient  of  the  film  emulsion.  As  the  absorption  coefficient  of  the 
holder  increases,  the  amount  of  radiation  reaching  the  film  emulsion 
decreases.  Conversely,  as  the  emulsion  absorption  coefficient  increases, 
the  response  of  the  film  increases.  Since  it  is  desirable  to  have  the 
overall  response  of  the  film  emulsion  in  the  holder  linear,  the  absorp¬ 
tion  versus  photon  energy  curve  of  the  holder  is  made  to  match  the  un¬ 
shielded  response  curve  of  the  film.  Over  the  energy  ranges  for  which 
this  it  true,  the  film  and  holder  combination  will  be  approximately 
linear. 

In  the  N.3.S.  holder,  the  lead  filter  suppresses  the  lower  eneiv- 
gies  sufficiently  to  keep  the  response  linear  above  115  kev,  below 
which  gamma  radiation  is  attenuated  excessively.  Tin  is  added  to  the 
holder  to  compensate  for  the  discontinuity  immediately  below  the  K 
absorption  edge  in  the  absorption  coefficient  versus  energy  curve  for 
lead.  The  secondary  electrons  produced  by  high  energy  gammas  in  the 
surrounding  media  and  most  of  those  produced  in  the  lead-tin  filter  are 
absorbed  by  the  bakelite.  Bak elite  is  an  approximate  air-equi valent 
material  and  the  absorption  of  the  gamma  rays  In  the  bakelite  layer 
approximates  that  of  a  large  volume  of  air.  The  thickness  of  the  bake¬ 
lite  was  determined  experimentally  so  that  a  maximum  number  of  second¬ 
aries  were  produced  and  a  condition  of  electron  equilibrium  was  reached. 

The  response  curves  of  various  film  emulsions  vary  somewhat,  thus 
the  combination  holder-film  emulsion  relationship  is  more  linear  for 
eome  emulsions  than  for  others.  In  the  exposure  ranges  from  1  to  10,000 
roentgens  and  in  the  energy  range  from  115  kev  to  10  Mev,  the  film  holder 
ii  considered  accurate  within  *  20  per  cent,  without  further  knowledge 
of  radiation  quality,  for  the  following  emulsion  types:  Dupont  510*  606 
and  Eastman  548-0  (double  coat)£/.  Further  work  by  M.  Ehrlich  has  shown 
the  Dupont  1230  also  to  be  accurate  within  this  range,  but,  at  the  present 
time,  no  analysis  has  been  made  on  Dupont  5°8« 

1.4  OALIBBAIIOE 

go 

The  films  were  calibrated  in  the  H.B.S.  holders  by  means  of  a  Co 
souroe.  The  Co«0  source  was  calibrated  by  the  Rational  Bureau  of 
Standards  it  was  found  that  the  radiation  flux  produced  4,4  roent¬ 
gens  per  hour  at  one  meter  as  of  December  1,  1330*  The  source  is  con¬ 
tained  in  a  brass  cylinder  and,  in  the  calibration,  measurements  were 
made  in  a  direction  perpendicular  to  the  axis  of  the  cylinder.  Distances 
were  measured  from  the  axle  of  the  cylinder.  The  calibration  was  based 
upon  measurements  made  with  a  cavity  ionization  chamber  which,  in  turn, 
had  been  calibrated  against  200  milligrams  of  radium  contained  in  a 

2/  M.  Ehrlich  and  S.  Fitch,  Nucleonics  1351,  V-3,  p  5-17 
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platinum  capsule  having  a  wall  thickness  of  0*3  ami.  The  emission  con¬ 
stant  of  radium  contained  In  the  platinum  capsule  was  taken  as  84 
roentgens  per  hour  per  milligram  measured  at  one  centimeter.  This 
calibration  was  made  of  the  source  alone  and  some  scattering  was  intro¬ 
duced  by  the  holder.  Correction  for  thie  error  was  made  toy  the  beta¬ 
tron  comparison  described  below. 

In  the  field  calibration,  the  N.B.S,  holders  were  placed  on  a  board 
at  fixed  distances  from  the  source  and  the  source  was  raised  to  a  height 
so  as  to  be  directly  in  line .with  the  center  of  the  film  holder.  The 
expected  radiation  exposures  were  calculated  by  using  the  inverse  square 
law  for  radiation  intensity. 

The  holders  were  placed  at  distances  from  0.3  -  0.003  meters  to 
0.94s  i  0.003  meters  from  the  cobalt  source,  giving  a  maximum  error  of 
I  1  per  cent  in  radiation  exposure  rate  measurements.  The  minimum  time 
exposure  was  3  minutes  3  seconds  which  gives  a  maximum  error  of  t  1.7 
per  cent  in  timing. 

The  radiation  spectrum  of  a  10  Her  betatron  is  believed  to  closely 
approximate  that  of  an  atomic  explosion.  To  obtain  normalization  factors, 
sets  of  Dupont  310  and  6o6  films  were  exposed  to  the  Naval  Ordinance 
Laboratory  10  Mev  betatron  and  to  the  Co°®  field  calibration  unit!/. 

These  films  were  processed  and  read  together;  exposure  versus  density 
curves  were  plotted  and  compared.  The  exposure  versus  density  curves 
for  both  the  betatron  and  Co°°  calibration  are  shown  in  Figures  1.2  and 
1.3.  The  betatron  calibration  curve  and  the  Co°®  curve  fall  directly 
upon  each  other  and  therefore  it  is  not  necessary  to  normalize  the  Co®0 
values. 

The  betatron  exposures  were  measured  by  using  7ictoresn  r  chambers 
which  were  calibrated  by  the  National  Bureau  of  Standards  against  radium. 
Three  r  chambers  were  used,  one  in  the  center  of  the  beam  and  one  on 
each  side  of  the  beam  serving  as  monitors.  HatiOB  were  established  be¬ 
tween  the  center  and  side  r  chamber  readies,  after  which,  the  center 
chamber  was  replaced  by  the  N.3.S.  film  holder.  The  exposures  received 
by  the  film  were  calculated  by  taking  the  side  r  chamber  residing  and 
multiplying  this  value  by  the  previously  established  ratio. 

The  center  r  chamber  had  a  lucite  "air  equivalent"  layer  around 
its  detector  head,  the  thickness  of  which  was  determined  experimentally 
by  M.  Xhrlich  to  obtain  a  condition  of  electron  equilibrium  (i.e.  a 
maximum  number  of  secondaries  produced  in  the  lucite  reach  the  chamber). 
The  two  side  chambers  had  a  lead  cap  placed  over  their  detector  heads 
to  prevent  stray  electrons  from  reaching  the  chambers. 

2/  Similar  comparisons  for  all  emulsions  used  have  previously  been  made 
and  are  discussed  in  the  National  Bureau  of  Standards  Report  8A107, 
RADIATION  SENSITIVITY  OF  PHOTOGRAPHIC  3M0LSI0NS. 
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1,5  PROCEDURE 


The  H.B.S.  holders,  each  loaded  with  two  film  packets,  were  located 
at  varying  distances  along  a  radial  line  from  ground  zero.  The  holders 
were  placed  noraal  to  ground  zero  on  r luminum  stakes  and  were  recovered 
approximately  3  hours  after  the  detonation. 

The  exposed  films  were  developed  in  Eastman  Dental  X-Ray  Film 
Developer  for  5  minutes,  followed  by  an  acetic  acid  stop  bath  for  30 
seconds  with  vigorous  agitation.  The  films  were  then  immersed  in  East¬ 
man  Dental  &-Bay  Fixer  for  7  minutes  and  washed  for  15  minutes.  The 
temperature  of  the  solutions  was  held  constant  at  68°T  ^  daring 
processing.  A  set  of  control  films  and  films  calibrated  with  Co^O  were 
processed  along  with  each  group  of  exposed  film. 

The  photographic  transmission  densities  were  read  on  an  Ansco— 
Macbeth  densitometer  which  was  frequently  checked  for  sensitivity 
changes  by  means  of  a  density  wedge  and  zero  shift  by  means  of  the 
control  films.  The  densitometer  measures  the  percentage  of  a  narrow 
beam  of  light  of  oonstant  intensity  that  is  transmitted  by  any  given 
small  area  of  the  teat  film.  The  reciprocal  of  this  is  the  opacity  and 
the  oommon  logarithm  of  the  opacity  is  the  density  which  is  read  directly 
from  the  densitometer. 


The  exposures  recorded  by^the  films  were  determined  by  comparing 
densities  with  those  of  the  Co"®  calibrated  films  by  means  of  density 
versus  exposure  curves.  Figures,  1,1,  1,2,  1,3,  1.4,  and  1,5  are  typical 
of  the  calibration  curves. 


The  films  used  and  the  ranges  over  which  they  were  used  are  as 
follows 1 


ftmlsion  Type 


Sensitivity  Range  (r) 


Dupont  50S 
Dupont  510 
Dupont  606 
Dupont  1290 

Eastman  5^8-0  (double  coat) 


0.2  to  5 

1  to  15 

5  to  200 

50  to  1000 

1000  to  6000 


These  films  were  stored  in  a  refrigerator  at  50°F  and  were  removed 
24  hours  before  use.  Any  change  that  might  have  been  due  to  temperature 
or  aging  was  compensated  for  by  use  of  control  filmst  which  were  used  to 
zsrt  set  the  densitometer,  and  by  use  of  a  new  set  of  calibration  films 
during  each  processing. 


12 


iMri$S!FIEO 


UNCLASSIFIED 


EXPOSURE  (ROENTGENS) 

7ig-  1*1  'Oupont  1290  Calibration  Curra 
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CHAPTER  2 


RESULTS 


2.1  DISCUSSIOH 

The  total  exposure  in  roentgenB  is  presented,  as  a  function  of 
distance  in  yards.  Tor  the  air  hursts  (Shots  2.  3»  ftBd  ^)*  the  distances 
given  are  slant  range  distances  (i.e.  from  the  actual  location  of  the 
detonation  to  the  detector).  Tor  the  tower  hursts  (Shots  5,  6,  7» 

8).  the  distances  were  measured  from  the  base  of  the  tover  to  the  de- 
teotor. 

From  the  raw  data,  an  exposure  versus  distance  curve  is  plotted  as 
ED2  versus  D  where: 


R  —  total  exposure  in  roentgens,  and  D  *  distance  in  yards. 


Prom  a  point  source,  the  total  exposure  varies  with  distance  accord— 
ing  to  the  following  formula: 


R  *  Ae-^ 
D2 


(2.1) 


where: 

Asa  constant  determined  by  the  yield  of  the  weapon  and  the  conversion 
factors  necessary  for  R  to  he  in  roentgens, 
u  z  the  linear  absorption  coefficient. 

The  above  formula  takes  into  account  attenuation  of  the  primary  rad¬ 
iation  due  to  absorption  by  air. 

Prom  eq.  2.1.  it  follows  that 

In  RD2  =  In  A  -  uD  (2.2) 

Plotting  on  semi-log  paper  with  ED2  as  the  ordinate  and  D  as  the 
abscissa,  a  straight  line  is  obtained  with  a  negative  slope  determined 
by  u,  from  which  the  effective  mean  free  paths/  and  the  effective  ab¬ 
sorption  coefficient^/  can  be  directly  determined. 

1/  Effective  mean  free  path  -  The  photon  intensity  is  reduced  in  value 
to  l/e  of  its  original  value,  including  losses  due  to  multiple  scatter¬ 
ing. 

2 /  Effective  absorption  coefficient  -  The  reciprocal  of  the  effective 
mean  free  path. 
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r>e  Taluea  of  E  directly  from  the  ED2  versus  D  curve,  am  B  ver- 
b us  D  curve  is  plotted. 

A  mathematical  analysis  of  the  possible  deviation  from  a  straight 
line  due  to  the  sources'  finite  dimensions  shows  a  maximum  error  of  lees 
tha»  one  per  cent  under  the  test  conditions. 

2.2  NORMXLI  ZAIION  07  PROMPT  GAMMA  DOSAGE  TO  A  REFERENCE  AIR  DENSITY  70S 

USE  IN  SCALING 

— — i  .i—i  ■  i.  — ^  • 

The  exposure  in  roentgens  per  unit  time  is  proportional  to  the 
product  of  the  gamma  ray  intensity  and  the  mass  absorption  coefficient 
of  air.  Therfore  gamma  exposure  from  a  point  source  is  dependent  upon 
air  density.  This  is  due  to  the  variation  of  absorption  coefficient 
with  density.  To  scale  gamma  exposure  and  yield  from  one  nuclear 
detonation  to  another  requires  the  normalising  of  the  gamma  exposures  to 
that  which  would  be  present  if  the  air  densities  were  the  same  for  the 
two  detonations. 

A  determination  of  the  normalisation  factor  follows  together  with 
a  plot  of  a  family  of  normalisation  curves  which  give  the  factors  to 
normalise  to  a  density  of  1.0  X  10“3  gm/cc  for  various  distances.  To 
use  these  curves.  Tig.  2.8,  read  the  normalizing  factor  for  the  density 
of  the  air  at  the  time  of  detonation  and  at  a  particular  distance. 

If  the  density  is  greater  than  1.0  X  10**3  jp/cc,  multiply  the  determined 
exposure  in  roentgens  by  this  factor,  if  the  density  is  less  than  1.0  X 
10“3  gm/oc,  divide  the  exposure  in  roentgens  by  this  factor.  The  resul¬ 
tant  exposure  is  then  that  which  would  have  been  received  at  the 
reference  density.  Two  detonations  of  similar  type  weapons,  normalized 
to  this  density  at  any  common  distance,  can  then  be  scaled  to  determine 
relative  yields.  Conversely,  if  the  yields  are  known,  the  exposures  can 
be  calculated.  A  set  of  ED2  versus  D  curves  for  all  the  shots,  normalized 
to  this  density.  Tig.  2.9,  have  been  included  to  show  use  in  scaling. 

2.3  ACCURACY 

Xt  is  felt  that  the  results  presented  are  accurate  to  within  -  20 
per  cent. 

2.4  ADDITIONAL  DATA 

The  purpose  of  Project  2.1,  in  addition  to  measuring  radiation 
exposure  as  a  function  of  distance,  was  to  make  additional  exposure 
measurssients  for  other  projects.  Film  holders  were  placed  in  instrument 
shelters  for  Shots  1  to  4.  Information  was  given  directly  to  Projects 
6.1,  3.1(  and  1.13  to  the  Anqy  Tield  Forces  and  the  Narine  Corps. 
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Exposure  r/hr  = 


DERIVATION  OF  NORMALIZATION  FACTOR  N 

(Curias)  (3.7xlOl0)  (E-ev)  (1.6x10"*)  (p)  (3600)  (a*"0) 


83  p  (4rrD2) 


=  A  Jtr  a_M 


But  p  -  F^  such  that  -A-  -  a  constant 
i  =  =  r  and  Exposura  r/hr  =  Ba“**D 

Pi  Pi 


at.  •  n 

- =  -DBs  *Dj 


dE  -  n 

- =  -DBa'*C, 

PP 


—  =  -DBra_T^D 
dp 


For  a  changa  in  axposura  AE  =  -DBr  J^2  #TpD  dp 
AE  =  E?  -  E1  =  B  [a"P2D  -a  "'“l0] 


-  E,  .  B  [a-^P-a-MjP]  =  D  ^ 

El  Ba-MlD  Pl 


1  "  D 

For  p,  >  p2 


E,  =  E,  N 


For  p2  <  pt 


El  =  El 


P 

Whara  K  =  a^i  D 
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DERIVATION  OF  NORMALIZATION  FACTOR  N 


(Curias)  (3.7xl010)  (Emev)  (1.6xio"6)  (m)  (1600)  (e"'4 


Exposure  r/hr 


such  that 


r  and  Exposure  r/hr  =  Be~M 


For  a  change  in  exposure 


(2s(revi  x  sOTOiiiaDH)  gcra 


ixatioi  facto® 


Normalisation  factors  for  scaling  exposures  of  prompt  gamma  from  air- 
'burst  nuclear  detonations  In  air  of  various  densities. 

All  densities  normalised  to  a  density  of  1.0  X  10~^  ga/cc,  l.e.  all 
exposures  normalised  to  that  which  would  have  been  obtained  at  this  density. 


S  —normalised  exposure,  X  —experimental  exposure,  H  — normalisation  factor 


Sxperlmental  density  greater  than  experimental  d 
1  X  10“3  ga/cc  1  X  V 

*»  -  <V  <«  *„  : 

u  determined  experimentally  and  taken  to  be  2.72  X  10' 


mtal  density  less  than 
1  X  10“3  ga/cc 

.  ;  -i!- 


Fig,  2*8  normalisation  Factors 
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TABUS  2.1 


Air  D«asiti®e  ard  normalization  factors  Used 


normalization  TactorB 


Shot 

Air  Sansity 
«“/oe 

2 

1.059XI0"3 

3  I 

.995*0-3 

* 

1.035*0-3 

5  1 

l.035*0“3 

6 

1.036H0“3 

7 

1.058X10-3 

8 

\  1.020X10-3 

ZABL1  2.2 

IzpoBurM.  Air  Banta 


YIELD  DATA 


TlC,  2, 9  HD2  ▼»  D,  Boraalisod  to  Air  L«a»ity  of  1  X  10~3  gnj, 


EXPOSURE  (ROENTGENS) 


:>  4- 


Tju3LE  2.3 


Gamma  Exposure.  Tower  Bursts 
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ARM!  ACTIVITIES 


Asst.  Chief  of  Staff ,  G-2 ,  D/A,  Washington  25,  D.  C.  1 

Asst.  Chief  of  Staff,  G-3,  D/A,  Washington  25,  D.  C. 

ATTN:  DACofS,  G-3,  (RR&SW)  2 

ABst.  Chief  of  Staff,  d/a,  G-4,  Washington  25,  D.  C.  3 

Chief  of  Ordnance,  D/A,  Washington  25,  D.  C. 

ATTN:  QRDTX-AR  4 

Chief  Signal  Officer,  d/a,  P&O  Division,  Washington  25, 

D.  C.  ATTN:  SIGOP  5-  7 

The  Surgeon  General,  D/A,  Washington  25,  D.  C.  ATTN: 

Chairman,  Medical  Research  and  Development  Board  8-  10 

Chief  Chemical  Officer,  d/a,  Washington  25,  D.  C.  11-  12 

Chief  of  Engineers,  d/a.  Military  Construction  Division, 

Protective  Construction  Branch,  Washington  25, 

D.  C.  ATTN:  ENGEB  13 

Chief  of  Engineers,  d/a.  Civil  Works  Division,  Washington 
25,  D.  C.  ATTN:  Engineering  Division,  Structural 
Branch  14 

The  Quartermaster  General,  CBR,  Liaison  Office,  Research 

and  Development  Division,  D/A,  Washington  25,  D.  C.  15-  1 6 

Office,  Chief  of  Transportation,  Military  Planning  and 

Intelligence  Division,  Bldg.  T-7,  Washington  25,  D.  C.  17 

Chief,  Army  Field  Forces,  Ft.  Monroe,  Va.  18-  21 

Army  Field  Forces  Board  #1,  Ft.  Bragg,  N.  C.  22 

Army  Field  Forces  Board  #2,  Ft.  Enas,  Ky.  23 

Army  Field  Forces  Board  #4,  Ft.  Bliss,  Tex.  24 

Commanding  General,  First  Army,  Governor's  Island,  New 

York  4,  N.  Y.  ATTN:  G-l  25 

Commanding  General,  First  Army,  Governor's  Island,  New 

York  4,  N.  Y.  ATTN:  G-2  26 

Commanding  General,  First  Army,  Governor's  Island,  New 

York  4,  N.  Y.  ATTN:  G-3  27 

Commanding  General,  First  Army,  Governor's  Island,  New 

York  4,  N.  Y.  ATTN:  G-4  28-  29 

Commanding  General,  Second  Army,  Ft.  George  G.  Meade,  Md. 

ATTN:  AIACM  30 

Commanding  General,  Third  Army,  Ft.  McPherson,  Ga.  ATTN: 

ACofS,  G-3  31-  32 

Commanding  General,  Fourth  Army,  Ft.  Sam  Houston,  Tex. 

ATTN.  G-3  Section  33-  34 
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Commanding  General,  Fifth  Army,  1660  E.  Hyde  Park  Blvd., 

Chicago  15,  Ill.  ATTN:  ALFMD-0  35"  38 

Commanding  General,  Sixth  Army,  Presidio  of  San  Francisco, 

Calif.  ATTN:  AMGCT-4  39 

Commander-in-Chief,  European  Command,  APO  403,  c/o  PM, 

New  York,  N.  Y.  40 

Commander-in-Chief,  Far  East  Command,  APO  500,  c/o  PM, 

San  Francisco,  Calif.  ATTN:  ACofS,  G-3  4l-  45 

Commanding  General,  U.  S.  Army  Alaska,  APO  942,  c/o 

FM,  Seattle,  Wash.  46 

Commanding  General,  U.  S.  Army  Caribbean,  APO  834,  c/o 

PM,  New  Orleans,  La.  ATTN:  CG,  USARCARIB  47 

Commanding  General,  U.  S.  Army  Caribbean,  APO  834,  c/o 

FM,  New  Orleans,  La.  ATTN:  CG,  USARFANT  48 

Commanding  General,  U.  S.  Army  Caribbean,  APO  834,  c/o 

PM,  New  Orleans,  La.  ATTN:  Chemical  Officer,  USARCARIB  49 

Commanding  General,  U.  S.  Army  Caribbean,  APO  834,  c/o 

PM,  New  Orleans,  La.  ATTN:  Surgeon,  USARCARIB  50 

Commanding  General,  U.  S.  Army  Pacific,  APO  958*  c/o  FM, 

San  Francisco,  Calif.  ATTN:  Chemical  Officer  51"  52 

Commanding  General,  U.  S.  Army  Europe,  APO  403,  c/o 
FM,  New  York,  N.  Y.  ATTN:  OPOT  Division,  Combat 
Development  Branch  53-  54 

Commanding  General,  Trieste,  U.  S.  Troops,  APO  209,  c/o 

PM,  New  York,  N.  Y.  ATTN:  ACofS,  G-3  55 

Commandant,  Command  and  General  Staff  College,  Ft.  Leaven¬ 
worth,  Kan.  ATTN:  ALLIS  (AS)  5  6-  T( 

Commandant,  The  Infantry  School,  Ft.  Banning,  Ga. 

ATTN:  C.D.S.  %58-  59 

Commandant,  The  Artillery  School,  Ft.  Sill,  Okla.  60 

Commandant,  The  AA&GM  Branch,  The  Artillery  School,  Ft. 

Bliss,  Tex.  6l 

Commandant,  The  Armored  School,  Ft.  Knox,  Ky.  ATTN:  Clas¬ 
sified  Document  Section,  Evaluation  and  Research 
Division  62-  63 

Commanding  General,  Medical  Field  Service  School,  Brooke 

Army  Medical  Center,  Ft  Sam  Houston,  Tex.  64 

Commandant,  Army  Medical  Service  Graduate  School,  Walter 
Reed  Army  Medical  Center,  Washington  25,  D.  C. 

ATTN:  Department  of  Biophysics  65 

Commanding  Gr  1,  The  Transportation  Center  and  Ft. 

Eustis,  Ft.  L  ’tis,  Va.  ATTN.  Asst.  Commandant,  Mili¬ 
tary  Science  and  Tactics  Branch  66 

The  Superintendent,  U.  S.  Military  Academy,  West  Point, 

N.  Y.  ATTN:  Professor  of  Ordnance  67-  68 

Commandant,  Chemical  Corps  School,  Chemical  Corps  Train¬ 
ing  Command,  Ft.  McClellan,  Ala.  69 
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Commanding  General,  Research  and  Engineering  Command, 

Army  Chemical  Center,  Md.  ATTN:  Special  Projects 
Officer  70-  71 

RD  Control  Officer,  Aberdeen  Proving  Ground,  Md. 

ATTN:  Director,  Ballistics  Research  Laboratory  72 

Commanding  General,  The  Engineer  Center,  Ft.  Belvoir,  Va. 

ATTN:  Asst.  Commandant,  The  Engineer  School  73"  75 

Chief  of  Research  and  Development,  D/A,  Washington  25, 

D.  C.  76 

Commanding  Officer,  Engineer,  Research  and  Development 
Laboratory,  Ft.  Belvoir,  Va.  ATTN:  Chief,  Technical 
Intelligence  Branch  77 

Commanding  Officer,  Picatinny  Arsenal,  Dover,  N.  J. 

ATTN:  ORDBB-TK  78 

Commanding  Officer,  Frankford  Arsenal,  Philadelphia  37/ 

Pa  ATTN:  RD  Control  Officer  79 

Commanding  Officer,  Chemical  Corps  Chemical  and  Radio¬ 
logical  Laboratory,  Army  Chemical  Center,  Md. 

ATEN:  Technical  Library  80-  8l 

Commanding  Officer,  Transportation  Research  and  Develop¬ 
ment  Station,  Ft.  Eustis,  Va.  82 

Asst.  Chief,  Military  Plans  Division,  Rm.  516,  Bldg.  7, 

Army  Map  Service,  6500  Brooks  Lane,  Washington  25, 

D.  C.  ATEN:  Operations  Plans  Branch  83 

Director,  Technical  Documents  Center,  Evans  Signal  Labo¬ 
ratory,  Belmar,  N.  J.  8h 

Director,  Waterways  Experiment  Station,  PO  Box  631, 

Vicksburg,  Miss.  ATEN:  Library  85 

Director,  Operations  Research  Office,  Johns  Hopkins  Uni¬ 
versity,  6hl0  Connecticut  Ave.,  Chevy  Chase,  Md. 

ATEN :  Library  86 

NAVY  ACTIVITIES 

Chief  of  Naval  Operations,  D/N,  Washington  25,  D.  C. 

ATEN:  OP-36  87-  88 

Chief  of  Naval  Operations,  D/N,  Washington  25,  D.  C. 

ATEN:  OP-51  89 

Chief  of  Naval  Operations,  D/N,  Washington  25,  D.  C. 

ATEN:  OP-53  90 

Chief  of  Naval  Operations,  D/N,  Washington  25,  D.  C. 

ATTN:  OP-371*-  (OEG)  91 

Chief,  Bureau  of  Medicine  and  Surgery,  D/N,  Washington 

25,  D.  C.  ATEN:  Special  Weapons  Defense  Division  92-  93 

Chief,  Bureau  cf  Ordnance,  D/N,  Washington  25,  D.  C.  91* 

Chief,  Bureau  of  Personnel,  D/N,  Washington  25,  D.  C. 

ATTN:  Pers  C  95 
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Chief,  Bureau  of  Ships,  D/N,  Washington  25,  D.  C. 

ATTN:  Code  348  96-  97 

Chief,  Bureau  of  Supplies  and  Accounts,  D/N,  Washington 

25,  D.  C.  98 

Chief,  Bureau  of  Yards  and  Docks,  D/N,  Washington  25, 

D.  C.  ATTN:  P-312  99 

Chief,  Bureau  of  Aeronautics,  D/N,  Washington  25,  D.  C.  100-101 

Office  of  Naval  Research,  Code  219,  Rm.  1807,  Bldg.  T-3> 

Washington  25,  D.  C.  ATTN:  RD  Control  Officer  102 

Commander-in-Chief,  U.  S.  Atlantic  Fleet,  Fleet  Post 

Office,  New  York,  N.  Y.  103-104 

Commander -in -Chief,  U.  S.  Pacific  Fleet,  Fleet  Post 

Office,  San  Francisco,  Calif.  105-106 

Commander,  Operational  Development  Force,  U.  S.  Atlantic 
Fleet,  USN  Base,  Norfolk  11,  Va.  ATTN:  Tactical 
Development  Group  107 

Commander,  Operational  Development  Force,  U.  S.  Atlantic 

Fleet,  USN  Base,  Norfolk  11,  Va.  ATTN:  Air  Dept.  108 

Commandant,  USMC,  Headquarters,  USMC,  Washington  25, 

D.  C.  ATTN:  Code  A03H  109-112 

President,  USN  War  College,  Newport,  R.  I.  113 

Superintendent,  USN  Postgraduate  School,  Monterey,  Calif.  114 

Commanding  Officer,  USN  Schools  Command,  Naval  Station, 

Treasure  Island,  San  Francisco,  Calif.  115-116 

Director,  USMC  Development  Center,  USMC  Schools,  Quant ico, 

Va.  ATTN:  Marine  Corps,  Tactics  Board  117 

Director,  USMC  Development  Center,  USMC  Schools,  Quantico, 

Va.  ATTN:  Marine  Corps,  Equipment  Board  ll8 

Commanding  Officer,  Fleet  Training  Center,  Naval  Base, 

Norfolk  11,  Va.  ATTN:  Special  Weapons  School  119-120 

Commanding  Officer,  Fleet  Training  Center,  (SIVP  School), 

Naval  Station,  San  Diego  36,  Calif.  121-122 

Commander,  Air  Force,  U.  S.  Pacific  Fleet,  Naval  Air  Sta¬ 
tion,  San  Diego,  Calif.  123 

Commander,  Training  Command,  U.  S.  Pacific  Fleet,  c/o  Fleet 

Sonar  School,  San  Diego  47,  Calif.  124 

Commanding  Officer,  Air  Development  Squadron  5,  USN  Air 

Station,  Moffett  Field,  Calif.  125 

Commanding  Officer,  Naval  Damage  Control  Training  Center, 

USN  Base,  Philadelphia  12,  Pa.  ATEN:  ABC  Defense 
Course  126 

Commanding  Officer,  Naval  Unit,  Chemical  Corps  School,  Ft. 

McClellan,  Ala.  127 

Joint  Landing  Force  Board,  Marine  Barracks,  Camp  Lejeune, 

N.  C.  128 

Commander,  USN  Ordnance  Laboratory,  Silver  Spring  19,  Md. 

ATTN:  Alias 


129 
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Commander,  USN  Ordnance  Laboratory,  Silver  Spring  19,  Md. 

ATEN :  Aliex  130 

Conmander,  USN  Ordnance  Teat  Station,  Inyokern,  China 

Lake,  Calif.  131 

Officer-in -Charge,  USN  Civil  Engineering  Research  and 

Evaluation  Laboratory,  Construction  Battalion  Center, 

Part  Hueneme,  Calif.  ATTN:  Code  753  132-133 

Commanding  Officer,  USN  Medical  Research  Institute,  Nation¬ 
al  Naval  Medical  Center,  Bethesda  l4,  Md.  134 

Director,  USN  Research  Laboratory,  Washington  25,  D.  C.  135 

Commanding  Officer,  USN  Radiological  Defense  Laboratory, 

San  Francisco,  Calif.  ATEN:  Technical  Information 
Division  136-139 

Commander,  Naval  Air  Development  Center,  Johnsville,  Pa.  140 

Commanding  Officer,  Office  of  Naval  Research  Branch  Of¬ 
fice,  1000  Geary  St.,  San  Francisco,  Calif.  l4l-l42 

AIR  FORCE  ACTIVITIES 


Special  Asst,  to  Chief  of  Staff,  Headquarters,  USAF,  Rm. 
5E1019,  Pentagon,  Washington  25,  D.  C. 

Asst,  for  Atomic  Energy,  Headquarters,  USAF,  Washington 
25,  D.  C.  ATEN:  DCS/0 

Asst,  far  Development  Planning,  Headquarters,  USAF,  Wash¬ 
ington  25,  D.  C. 

Director  of  Operations,  Headquarters,  USAF,  Washington 
25,  D.  C. 

Director  of  Plans,  Headquarters,  USAF,  Washington  25, 

D.  C.  ATEN:  War  Plans  Division 

Directorate  of  Requirements,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.  C.  ATTN:  AFDRQ-SA/M 

Directorate  of  Research  and  Development,  Armament  Divi¬ 
sion,  DCS/D,  Headquarters,  USAF,  Washington  25,  D.  C. 

Directorate  of  Intelligence,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.  C. 

The  Surgeon  General.  Headquarters,  USAF,  Washington  25, 

D.  C. 

Commanding  General,  U.  S.  Air  Forces  Europe,  APO  633,  c/o 
H4,  New  York,  N.  T. 

Commanding  General,  Far  East  Air  Forces,  APO  925/  c/o 
PM,  San  Francisco,  Calif. 

Commanding  General,  Alaskan  Air  Conmand,  APO  942,  c/o  PM, 
Seattle,  Wash.  ATEN:  AAOTN 

Commanding  General,  Northeast  Air  Command,  APO  862,  c/o 
FM,  New  York,  N.  Y. 

Commanding  General,  Strategic  Air  Command,  Offutt  AFB, 
Omaha,  Neb.  ATEN:  Chief,  Operations  Analysis 
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147-148 


152-153 

154-155 
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Commanding  General,  Tactical  Air  Command,  Langley  AFB,  Va. 

ATTN:  Documents  Security  Branch  161-163 

Commanding  General,  Air  Defense  Command,  Ent  AFB,  Colo.  164-165 

Commanding  General,  Air  Materiel  Command,  Wright-Patter- 

son  AFB,  Dayton,  Ohio  l66-l68 

Commanding  General,  Air  Training  Command,  Scott  AFB, 

Belleville,  Ill.  169-170 

Commanding  General,  Air  Research  and  Development  Command, 

PO  Box  1395,  Baltimore  3,  Md.  ATTN:  RDDN  171-173 

Commanding  General,  Air  Proving  Ground  Command,  Eglin  AFB, 

Fla.  ATTN:  AG/TRB  174 

Commanding  General,  Air  University,  Maxwell  AFB,  Ala.  175*179 

Commandant,  Air  Command  and  Staff  School,  Maxwell  AFB,  Ala.  l80-l8l 
Commandant,  Air  Force  School  of  Aviation  Medicine,  Ran¬ 
dolph  AFB,  Tex.  182-183 

Commanding  General,  Wright  Air  Development  Center,  Wright- 

Patterson  AFB,  Dayton,  Ohio.  ATTN:  WCCfESP  184- 185 

Commanding  General,  AF  Cambridge  Research  Center,  230 

Albany  St.,  Cambridge  39>  Mass.  ATTN:  Atomic  Warfare 
Directorate  186 

Commanding  General,  AF  Cambridge  Research  Center,  230 

Albany  St.,  Cambridge  39,  Mass.  ATEN:  CRTSL-2  187 

Commanding  General,  Air  Force  Special  Weapons  Center, 

Kirtland  AFB,  N.  Mex.  ATTN:  Chief,  Technical  Library  188-190 
Commandant,  USAF  Institute  of  Technology,  Wright-Patterson 

AFB,  Dayton,  Ohio.  ATTN:  Resident  College  191 

Commanding  General,  Lowry  AFB,  Denver,  Colo.  ATTN:  Depart¬ 
ment  of  armament  Training  192-193 

Commanding  General,  1009th  Special  Weapons  Squadron,  1712 

G  St.,  NW,  Washington  25,  D.  C.  194-196 

The  RAND  Corporation,  1500-4th  St.,  Santa  Monica,  Calif.  197*198 


OTHER  DEFTS.  OF  DEFENSE  ACTIVITIES 


Executive  Secretary,  Joint  Chiefs  of  Staff,  Washington 

25,  D.  C.  ATTN:  Joint  Strategic  Plans  Committee  199 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm.  2E1006, 

Pentagon,  Washington  25,  D.  C.  200 

Asst,  for  Civil  Defense,  OSD,  Washington  25,  D.  C.  201 

Chairman,  Research  and  Development  Board,  d/d,  Washington 

25,  D.  C.  ATTN:  Technical  Library  202 

Executive  Secretary,  Committee  on  Atomic  Energy,  Research 
and  Development  Board,  Rm.  3E1075,  Pentagon,  Washing¬ 
ton  25,  D.  C.  203-204 

Executive  Secretary,  Military  Liaison  Committee,  PO  Box 
1814,  Washington  25,  D.  C. 
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Ccnmandant,  Armed  Forces  Staff  College,  Norfolk  11,  Va. 

ATTN:  Secretary  206 

C emending  General,  Field  Cccmand,  AFSWP,  FO  Bos  5100, 

Albuquerque,  N.  Mex.  207-212 

Chief,  AFSWP,  FO  Bar  26l0,  Washington  13,  D.  C.  213-221 

University  of  California  Radiation  Laboratory,  FO  Bar 

808,  Livermore,  Calif.  ATTN:  Margaret  Folden  222 

Division  of  Military  Application,  U.  S.  Atomic  Energy 
Commission,  1901  Constitution  Ave.,  Washington  25, 

D.  C.  223-225 

Los  Alamos  Scientific  Laboratory,  Report  Library,  P0 

Bor  1663,  Los  Alamos,  N.  Mex.  ATTN:  Helen  Redman  226-228 

Sandia  Corporation,  Classified  Document  Division,  Sandia 

Base,  Albuquerque,  N.  Mex.  ATTN:  Wynne  K.  Cox  229-248 

Weapon  Test  Reports  Group,  TIS  249 

Surplus  in  TISCK  for  AFSWP  250-298 

Surplus  in  TISQR  for  DMA  299-348 
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